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(57) Abstract 

A method of fabricating bipolar transistors with low collector resistances uses the high density implantation of higher diffusivity 
dopants into the buried collector layer (20). A more lightly doped epitaxial layer (22) is then grown which will form the active collector 
region. During the heat cycle of the epitaxial growth, the higher diffusivity dopants up-diffuse into the overlying epitaxial active collector 
layer, thus decreasing the effective thickness of the active collector region. If the buried layer (20) and the high diffusivity sinker-up 
regions (28, 30) are implanted with separate masks, the sinker-up region can be restricted to the area beneath the area where the base (41) 
and emitter (42) will subsequently be formed, thus minimizing any increase in collector capacitance. After the base (41) and emitter (42) 
are implanted into the epitaxial layer, the thickness of the lightly doped epitaxial layer between the base and the up-diffused highly doped 
sinker-up region (30) is less than the thickness from the base (41) to the buried layer in the absence of a sinker-up region. Less distance 
translates into lower resistance and lower breakdown voltage. Since a separate mask is used to implant the sinker-up. the sinker-up can be 
excluded in any of the transistors; thus, both high and low resistance devices can be simultaneously fabricated on the same chip. If die 
same mask is used to implant the up-diffusion and the buried layer, a two-step active collector doping profile can be realized without using 
two separate epitaxial growths, and without adding any additional masks. 
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1. FIELD OF THE INVENTION 

The present invention relates to bipolar transistor and process technologies. Particularly, this 
invention relates to device structures and processes compatible with high-voltage integrated circuits. This 
invention addresses the need for making low collector resistance and high breakdown voltage devices on 
the same die and making less costly low resistance devices. 

2. DESCRIPTION OF RELATED ART 

In order to achieve high- voltage operation while avoiding transistor breakdown, a collector region 
with a low doping level and large thickness must be used. Unfortunately, when such a transistor is 
operated at low col lector-em iner voltages, this results in the undesirable consequence of high collector 
resistance. The resistance occurs because at low voltages, the depletion region on the collector side of the 
collector-base junction does not extend very far into the active collector region. Therefore, the current 
must travel to the buried collector layer through the large remaining distance facing high resistance per 
unit distance of the lightly doped active collector region. 

The resulting high collector resistance causes the early onset of saturation. Early saturation occurs 
because an internal voltage drop occurs from the collector contact to the collector-base junction due to the 
high collector resistance. This internal voltage drop may exceed the voltage applied across the collector 
and emitter terminals. This type of saturation caused by an internal voltage drop is called quasi- 
satu ration. 

In high-voltage integrated circuits, not all of the transistors operate over the full supply voltage. 
For example, the collector-base voltage of the common-emitter transistor in a cascode amplifier is 
generally much less than the power supply voltage. If this reduced collector-base voltage becomes small 
enough, quasi-saturation may occur. Therefore, for optimized performance, it is desirable to minimize the 
quasi-saturation effects. Often, these devices which will normally operate at less than the full supply 
voltage also do not need to meet the higher breakdown voltage specification that the other higher-voltage 
devices on the chip must meet, because the risk of breakdown decreases with the decreased supply 
voltage. At least for the devices in the circuit which do not have to require the full breakdown voltage 
specification, it is desirable to minimize the quasi-saturation effects. 

Figure 1 is an example of a typical bipolar NPN transistor configuration. A highly doped N+ 
buried layer is connected to the collector contact and is used to provide a low resistance path to the 
overlying moderately or lightly doped N-type active collector region which is adjacent to the base. The 
P-type base region lies on top of the collector, and the N-type emitter region lies on top of the base. 
Since the conductivity of a doped semiconductor region increases with the magnitude of doping 
concentration, the more highly doped N+ buried layer has less resistance per unit distance than the N- 
type active collector region. Thus, the overall internal collector resistance as measured from the collector 
contact to the collector-base junction is largely governed by the resistance encountered through the highly 
resistive N-type active collector region. One way to reduce this resistance is by reducing the distance 
from the N+ buried region to the base by decreasing the thickness of the N-type active collector region. 
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resistance"! ° f ^ 3CtiVC C0Uee,0r is dccrea * d - *c overall internal collector 

reststance decreases; however, the breakdown voltage of the device also decreases, at least in the most 

~z:~* which * c b r down vo,tage is govemed by *< «"* — ~ 

31 1?!, m T rad ' US ° fCUrVatUre ° fthe Thus, a design tradeoff occurs 

between the breakdown voltage and the interna, collector resistance and is adjusted by varying the 
thickness of the active collector region. ^ 8 

in many integrated circuits (such as the cascode amplifier mentioned above), i, is desirable both to 
have devtces w,th high-resistance collectors and high breakdown voltages and also to have d^es wth 
flower^res.stance collectors and lower breakdown voltages on the same chip. The present 
accomodates such a desire. With the present invention. collectors can be defined to have hTgT lance 
or to have low reststance on a transistor by transistor basis, such that the desired collector ^ZeT 

Z^T " 7 T 1StanCC ~ ° n *• Chip nCCd » be «•«* -her. high resistance and low reice 
ttanststors can be thoroughly mixed together in their placements on the chip. No prior art haTbeT 
located w hich ancnpts to allow for the manufacture of high resistance andL SsZ^o^Z on th 
same ch.p, even when such distinct transistors are segregated into separate. a^^^Z 
Ftgure 2 ts a stmplified illustration of a conventional higher collector resistance transistor ^2 next 
to a ower collector reststance transistor made according to the present invennon. The loJZ Hecto^ 
res^ce trans.stor has a small region of highly doped N + materia, beneath the base Jd emteTregions 

< W «> — r region in the region where the curTl^us 
decreasmg the coHector resistance for that transistor 

accord^ToTeT^ 8 , ^ WWch SOmewhat » ««i constructed 

Zl7h .H k " 1Vent,0n - HOWCVer * ^ eff ° m aCC ° m P ,ished objectives, and do no, 

accomphshUteobjecttvesofthe present invention. Furthermore, the resuhing structures were different ' 
25 from the presently proposed structures. different 
For example, a selectively ion-implanted collector (SIC) device is depicted in Figure 3A See 

r: 31 ^ Abs,rac,s of 0,6 ,9th confercnce ° n s ° iid — - -kyo, 

ILL tIc sic unT 316 6cnera " y used to producc ,ow vo,te8e » ™ —fy 

m^Z ,h n ' " ^ " Sed '° rCdUCC resistance. Rather, SIC is used to 

acmeTd h T ^ " ** b ~ 0 "«» -* »at higher current densities can be 

ZZfJZ^TT*- *° " pacitance s,c is usuaUy — « at — » 

uTemLel n ^ n^Z " 3 imp,ant is «»« °« to add dopant under 

the emmer near the collector-base junction. This technique cannot be used to reduce the collector 

3 5 ~:?;t:. ,taec devices ■ k is -~ - — —+ - fc 

SIC , m ^' S ^ ? W ° U,d nCt bc M fo ' *«* processes since the region from the 

Z2*Z I ' ayer W ° U,d remam « a - '"'-fore, the collector wild 

reman, h.ghly reststtve. The doping profile for a SIC device is depicted in Figure 3B Note that the SIC 
implantation occurs right at the collector-base junction Note that the SIC 

40 be lodeo n^nTT T OPCrati ° n ^ " " dCSired h thC PreSen ' inVentlon - *. N+ region must 
be located much fitrther away from the collector-base junction to avoid breakdown a, higher voltages 

S,C Unp,am » " 0t h "Pfi" - reducing the collector resistance because „ is very shalTow In 

ZZZ Vftr-f* H8ht,y - dOPed ^ rC8i0n M ° re imp0 ^^ ^clmpi:, radically 
changes the characteristics of the transistor InH^H thic ,k, , p y 

inc iransistor. indeed, this change m the characteristics of the device is the 
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purpose for using the SIC implant. The SIC implant reduces the base width, reduces the net base doping 
concentration, increases the collector doping at the collector-base junction, increases the current density, 
and decreases the gain of the device; in contrast, using the present invention, it is desired that none of 
these transistor characteristics be affected. Thus, the SIC method alters many of the important transistor 
parameters such as gain. Alternatively, using the present invention, an objective is to maintain equality of 
the device parameters for the low collector resistance devices and the high collector resistance devices 
which can exist on the same chip. 

Epitaxial growth of a lightly doped active collector region on top of a heavily doped substrate is a 
common in the semiconductor processing industry. See, for example, S. M. Sze, Physics of 
Semiconductor Devices, 2nd Ed., John Wiley & Sons, Inc., p. 146, Fig. 10, 1981. Figure 4A depicts the 
doping profile for a typical NPN transistor in which the active collector was created by epitaxial growth. 

Another commonly used process which results in two separate doping levels for the active collector 
region involves double epitaxial growth. See, for example, D. J. Roulston, Discrete Bipolar 
Semiconductor Devices, McGraw-Hill Press, pp. 297-301, and p. 298, Figure 12.5, 1990. Figure 4B 
15 depicts a doping profile which might result from such a double epitaxial growth process. This process is 
generally used in the fabrication of High Power Discrete Transistors. This dual collector doping process 
is used to improve the high current switching behavior of the device. Figure 4C is a simplified 
illustration of a typical NPN bipolar structure built by double epitaxial growth which might have the 
doping profile shown in Figure 4B. 

In a modern bipolar transistor with a lightly doped epitaxial collection region, the current gain is 
affected by the relocation of the high-field region from point A on Figure 4A to point B on Figure 4A. 
The effective base width increases from W fa to (W fa + W £ ). This base widening effectively decreases the 
gain because the magnitude of the gradient of the free electron density decreases as the base widens. 

The bottom epitaxial layer is more highly doped than the upper epitaxial layer, as shown in Figure 
4B. The purpose of this disparity is to minimize base widening effects when the device is operated at 
high current levels. By using a transistor having a collector with a two-step collector concentration 
gradient, the amount of base widening can be decreased by the thickness of the second layer. 

Since epitaxial techniques are used in the double epitaxial collector process, it is not possible to 
realize high and low resistance devices on the same die. The active collector thicknesses for all the 
transistors will be equal. Additionally, this process is costly since it requires two separate epitaxial 
growths for the two separate layers. 

SUMMARY OF THE INVENTION 
in order to achieve high-voltage operation for bipolar transistors, collector regions with low doping 
levels and large thicknesses must be used. These usages result in high collector resistance when the 
collector-emitter voltage is too low to fully deplete the collector. This high collector resistance results in 
the early onset of saturation. An internal voltage drop results from the high collector resistance, and this 
voltage drop may exceed the voltage applied at the terminal voltages. This is referred to as quasi- 
saturation. In high-voltage circuits, not all transistors operate over the full voltage. For example, the 
collector-base voltage of the common-emitter transistor in a cascode amplifier is generally much less than 
the power supply voltage. Therefore, for optimized performance, it would be desirable to minimize the 
quasi-saruration effects, at least for the devices which do not require the full breakdown voltage 
specification. 
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The present invention includes transistor structures and methods for producing them The meth^ 
for producmg them invo.ve the use of high concentrations of fast-diffusing dopants tmo^n m 
"7 ,ayCT <° ™~ »>™«y - the active col.ector region. ,n order to r*Te ^ 

s resistancc> s ^ up - - sinker - down diffiisions - — » ™ trj 

Ic^Tl .1 COmaCt If SinkCr " Up diffi,sion is under the emitter, the effective 

acuve collector th.ckness is reduced, and the coHector resistance is in tun, reduced. Therefore noexl 
masks or processmg steps are needed if the sinker-up is a,read y retired in the process to connelto 2 

One embodiment of the present invention reduces the thickness of the active collector but onlv i„ 
10 me area durectlv be.ow the base and emitter. Because this active coHector thickness ^onTs ^ed 
by se,ect,ve,y mcluding or not including a sinker-up region beneath the emi«er. both hJ^Zl 
low reststance devices can be developed on the same die. This embodiment also minimi Z ""eaTe 

colXrtr^ H y ^ *° ^ C0UeC,0r — — * area^f rlr 

collector thickness the area beneath the emitter region, where essemiaHy all the current will fl™ 

IS Another embodunem of the present invention specifies the manufacnae a transistor wima 1-sten 

re~z^b ta r; cmbodiment - howcver - reduced — *™:^r 

referents and advantages of the present invention wi„ be obtained by 

reference to the followmg detaded description of the invention and accompanying drawings which set 
forth Ulustrat.ve embodiments in which the principals of the invention are JSZ 
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DESCRIPTION nr thk DRAWiwr.Q 
configuXn " " ° f a art bipolar NPN transistor 

collect 2 ^ * SimPlif,ed CrOSS - SCCtional **** «>f » -Sh collector resistance transistor and a low 
30 " ^'^ C<>nSmiCted HeXt *° "* ° ,her - »" * *« oHhe present 

of a prior m wn ~ — - • s ~ 

f!Z 4! " 3 2° Pi " 8 C ° DCen,rati0n P rof,,C *>' P^r art SIC transistor shown in Figure 3A 
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.ayer ^^^'^ ^ ° f * ^ P ^ " NPN transistor with a double epitaxia, 

40 pres Jr^on. 3 Cr0SS - SCC,i ° nal *"""» °^ ^ ^ — «" *«— wording ,0 the 
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Figure 7 is a cross-sectional drawing of the epitaxial growth of the active collector region according 
to the present invention. 

Figure 8 is a cross-sectional drawing of the formation of the sinker-down region according to the 
present invention. 

5 Figure 9 is a cross-sectional drawing of an entire NPN bipolar transistor with low collector 

resistance fabricated according to the first embodiment of the present invention. 

Figure 10 is a cross-sectional drawing of a higher resistance and a lower resistance transistor placed 
side by side, with both devices fabricated according to the first embodiment of the present invention. 
Figure 1 1 is a cross-sectional drawing of an entire NPN bipolar transistor with low collector 
10 resistance fabricated according to a second embodiment of the present invention. 

Figure 12 is typical net doping concentration profile for the transistor of Figure 1 1. 

DETAILED DESCRIPTION OF THE INVENTION 
Figures 5 through 9 illustrate the steps for fabricating an NPN low collector resistance transistor 
according to a first embodiment of the present invention. Figure 9 depicts a completed bipolar structure 
15 manufactured according to that embodiment. This embodiment allows the simultaneous manufacture of 
high resistance transistors and low resistance transistors on the same die. Using a standard vertical NPN 
configuration according to this embodiment, the high-resistance transistors might have a breakdown 
voltage of 85 volts, and the low-resistance transistors might have a breakdown voltage of 40 volts. To 
achieve breakdown voltages this high, thick epitaxial layers must be used to create the active collector 
20 region. In situations in which the breakdown voltage is governed by the minimum radius of curvature of 
the extrinsic base region rather than the active collector thickness, the low collector resistance transistors 
may have the same breakdown voltage as the higher collector resistance transistors. 

To reduce the collector contact series resistance, collector sinkers are used to highly dope the region 
between the top surface and the buried layer. Both N+ sinker-down and N+ sinker-up implants and 
25 diffusions are used to reduce the vertical collector contact resistance. The down and up diffusions are 
similar to the isolation up and down diffusions generally used in junction isolated processes. 

Referring to Figure 5, the fabrication process begins with a silicon substrate 10 of P-type 
conductivity. Typically, the P-type substrate will have been developed as an isolation well for the NPN 
type devices which will reside on that section of the chip. A typical doping concentration for the 
30 substrate is approximately 2 x 10 15 atoms per cm 3 . 

.A buried layer implantation mask 1 1 is developed as shown in Figure 5. The dopant used in the 
implantation to create the N+ buried layer 20 is typically a slow diffusing N-rype element such as 
Antimony (Sb) or Arsenic (As). For instance, an implantation of Arsenic followed by a high temperature 
diffusion cycle might be conducted to result in a junction depth of approximately 4 microns, such that the 
35 peak concentration is approximately 5 x 10 1B atoms per cm 3 . 

As illustrated in Figure 9. this N+ buried region 20 will eventually serve as a low resistance path 
through the active collector region 25 that is part of an epitaxial layer 22 which will be grown above the 
buried layer 20. To provide continuity between the collector contact 26 and the N+ buried layer 20, a low 
resistance vertical region 27 will be constructed using N+ sinker-up region 28 and N+ sinker-down 
40 regions 29. The sinker-down region 29 and the sinker-up regions 28 and 30 are formed using a dopant 
which has a faster diffusion rate than that of the dopant used to form the buried layer 20. 

Referring again now to Figures 5 and 6, following the ion implantation of the N+ buried layer 20, 
an annealing process can be performed to drive the dopant and to repair implantation damage After this 

5 
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opttonai dnve step, the sinker-up mask 12 needs to be fonned. Although i, is possible to strip the mask 
I . W h,ch was used to perform the buried layer imputation before defining the sinker-up ml 2 
unnecessary to perform this removal. Since the N + sinker- up regions 28 and 30 wi., alway^ imp ll 

zii : N+ bwi i : ayer 2o> previous mask ^ — • in — - • - m J: : p 

be fonned on top of the o.d one. Figure 6 shows a sinker-up oxide mask ,2 which was fonned on top^ 
the previous buned layer mask 11, as indicated by the varying thickness of the mask oxide 12 
Ph h N ^ Smker - Up regi0n is men fMTOed fa y implanting a faster diffusing N-type dopant such as 
Pho phorus <P) mto surfaces of me buried layer exposed by the imp.anu.tion maskT 2 A L mis 
implantation, the mask oxide 12 is stripped away. 

laver i! " ^ ? ' ^ ** """^ re8i ° nS 28 » d 30 « deflned > - N-type epitaxial 
HZ J 8 : Sd ^^^<» of approximately 10" atoms per cm* Figu^showsl 
resulttng structure at the end of this growth. The thermal cycle inherent in the epitaxial growth cycle will 
cause the N + buried layer 20 and the N + sinker-up regions 28 and 30 to up-o.^e as ^ 
damage caused by the N + sinker-up implantation. The N + regions beneath the epitaxial layer ^ve 
d.ffitsed upward mto the ephaxial layer 22 as shown in Figure 7. Because the N+ sinker-upllns 28 
and 30 w« mtphmted with a higher diflusivity dopant than the dopam used to form the ZZ« layer 
20, the stnker-up reg.ons 28 and 30 have diffused further into the epitaxial layer 22 

F.gure 8 shows the formation of the N + sinker-down region 29. After the epitaxial growth a mask 
3 1 ,s created spec.fica.ly for the notation of the sinker-down region. Since me sinkerlTregl 29 

m d^' dl m I!"" 88 Ph ° Sph0n,S 7116 -gion 29 is driven such that 

7 OCe ™" d ° tted " neS " ^ 8 Sh ° W ,OCati ° n ° f *° ^er-down region 
Ts^TZZZT" iffi,Si ° n 1,16 SfakC ^ - overlapping after 

25 nIuT 9 ' " ,S COmmUlty fr ° m ^ bUnCd ^ «>"-or contact shol in 

The remaining steps of the transistor fabrication are of the standard variety, and the finished NPN 
btpolar transrstor .s shown in Figure 9. Field oxide areas 40 are formed; the base Region 4 
regron 42 are fonned; me terminals are covered with po.ysi.icon contacts 43 and 44; and tho' coT^ 43 
3o and 44 are metal.zed (not shown). When completed, a typical structure might appear as snowX^re 

The transistor of Figure 9 is an NPN bipolar transistor with low collector resistance Since the 

P <Z2t ^ ^ 02 m Fi8Ure 6 > ^ ^ - «~ ^-up region 28 us d Co 

connect the collector contact 26 and the buried layer 20, there is no extra cos, invo.v J wfth 

eZHT? '° W " reSiStanCC ° P,i ° n * the sinker-up region 30 beneath the 

emmer 42. Two base contacts 43 are shown on Figure 9 to reduce base resistance, a.though double base 

l^ZZ TT T IT PrCSCnt inVCMi0n ^ dOKed V ™ * 9 acTve 

collector reg.on 25. Almost all of the collector current will travel in this region 

the wil" 7r nWin8 f *" Sitt ° f OPmmeS m N SinkCT U P mask is »« "-essarily re.ated to 
the w,dth of the emmer. Because the N sinker-up region 30 diffuses sideways as wel. as vertically the 
•mplanutmn m Figure 6 may be narrower than the emitter in order to minimL capacilce wh^ Jtm 
*wenn g the res.stance. A.temative.y. the N sinker-up region 30 imputed may be' wider 11 ^e Irniner 

next tocher ,U wT ' ^ 50 ^ ' *~ «'— 60 formed 

next to each other. W.th one excepuon, me higher resistance transistor 50 on the left was formed by an 
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identical process as the lower resistance transistor 60 on the right. The only difference is that the 
transistor 50 shown on the left of Figure 10 does not include a sinker-up region 30 beneath the emitter 42 
and base 41. Instead, the sinker-up mask (12 in Figure 6) did not provide a gap in that region* and thus 
no ions were implanted in the area beneath the emitter 42 and base 41 of that transistor 50. 

For the higher resistance transistor 50, the distance from the N+ collector buried layer 20 to the P- 
type base region is greater than the distance from the N+ sinker-up region 30 to the P-type base region 4 1 
for the lower resistance transistor 60 shown on the right. Since all the other parameters of the two 
transistors are the same, the high-resistance transistor 50 and low-resistance transistor 60 will have nearly 
identical gains and other characteristics. The only differences will be the collector resistances, the 
breakdown voltages, and the collector capacitances. 

Referring again to Figure 9, when the more highly doped diffusion area 30 is placed more closely 
to the base region 41, the collector capacitance increases. Since the more highly doped N+ diffusion 
region 30 holds more charge than the less doped epitaxial layer 22, and that charge is positioned closer to 
the base 41, the base-collector capacitance increases. 

A great advantage of this embodiment of the present invention as shown in Figure 9 is that the 
capacitance increase caused by decreasing the collector resistance is minimized since the sinker-up region 
beneath the emitter is closer to the base only in the region where the current will flow. 

A second embodiment of the present invention allows the fabrication of lower resistance devices 
without requiring a separate sinker-up mask. Figure 1 1 depicts an NPN bipolar transistor manufactured 
according to this second embodiment of the present invention. Since there is no separate sinker-up mask 
(12 in Figure 6), the higher diffusivity N-type dopant such as Phosphorus (P) can be implanted 
simultaneously with the lower diffusivity N-type dopant such as Antimony (Sb) or Arsenic (As) using the 
N+ buried layer mask (1 1 in Figure 5). If the two implantations are done simultaneously, the two 
different types of dopants penetrate the substrate to approximately the same depth. When the heat cycle 
then occurs during the epitaxial growth, the Phosphorus (P) and the Antimony (Sb) will diffuse both 
upwardly and downwardly. Since the Phosphorus (P) diffuses faster, the N+ up-diffusion region 35 will 
extend above and below the diffused buried layer 20, as shown in Figure 1 1 . 

Figure 12 shows a typical net dopant concentration profile for the structure of Figure 11. The 
concentration in the up-diffused collector region 35 does not affect the gain of the transistor. This 
concentration can be adjusted to be higher or lower without affecting the device parameters other than the 
breakdown voltage, collector resistance, and the collector-base capacitance. 

.Alternatively, the higher diffusivity dopant can be implanted before or after the lower diffusivity 
dopant. If the higher diffusivity dopant is implanted prior to or subsequent to the lower diffusivity buried 
layer implant, the implantation energy of the high diffusivity dopant can be reduced so that the down 
diffusion into the substrate is minimized. 

While this second embodiment of the present invention shown in Figure 1 1 is less expensive and 
less complicated than the first embodiment shown in Figure 9, this cost savings is traded off against other 
factors. In Figure 1 1, since the up-diffusion region 35 extends ait along the entire width of the N+ 
collector buried layer 20, the distance between the base and the up-diffusion is reduced throughout the 
entire width of the base 41, not only in the region where current flows. This increases the size of the 
capacitance between the base 41 and the collector 35, thus reducing the upper limit of the operation 
frequency of the transistor at least to some extent. 

Since the same mask (1 1 in Figure 5) is used to implant the N+ buried layer 20 and the N+ up- 
diffusion 35, it is impossible to selectively produce high resistance transistors and low resistance 
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d.ffuston tmplant. However, this process has the advantage that a two-s.eo burild . „ 

An additional benefit that is available usinc either rmK^i ♦ c ^ 

Add*, d. .« H-type *p« u, ft. .TwI^Zr , 

™*«->P ^o™, Atomic <AI) » » s„ iQb , e p. w ^ """"" F ° r 

^While the present mvent.on has been disclosed above with particular reference to the r,r^ a 
embodiments of the invention in various ways as neeeded anH .,m u- u 

present invention as recited in the appended^ "* ^ ^ " d "* fc ° f ^ 
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What is claimed is: 

1. A method of fabricating a bipolar transistor having a reduced active collector thickness in the 
region directly beneath a base and an emitter, the method comprising steps of: 

(a) forming a first collector region having a first dopant concentration by implanting first 
5 doping ions of the first conductivity type having a first diffusion rate into a substrate of a second 

conductivity type; 

(b) forming a sinker-up region within a portion of the first collector region by implanting 
second doping ions of the first conductivity type having a second diffusion rate which is greater than the 
first diffusion rate; 

10 ( c ) forming a second collector region by epitaxially growing on the substrate a layer of 

material of the first conductivity type having a second dopant concentration which is less than the first 
dopant concentration, such that the epitaxial growth process has a thermal cycle which causes the sinker- 
up regions to diffuse upwardly; 

(d) forming a base region by implanting ions of a second conductivity type to a first depth 
15 into the epitaxial layer directly above a sinker-up region; and 

(e) forming an emitter region by implanting ions of a first conductivity type to a second 
depth which is less than the first depth into the base region directly above the sinker-up region. 

2. A method as in claim 1 further comprising before step (a), a step of oxidizing the surface of 
the substrate. 

20 3. A method as in claim J further comprising after step (a), a step of annealing the first 

collector region. 

4. A method as in claim 1 wherein the first conductivity type is N-type and the second 
conductivity type is P-type. 

5. A method as in claim 1 wherein the first conductivity type is P-type and the second 
25 conductivity type is N-type. 

6. A method as in claim 4 wherein the first doping ions are either Antimony (Sb) or Arsenic 

(As). 

7. A method as in claim 4 wherein the second doping ions are Phosphorus (P). 
8- A method as in claim 5 wherein the first doping ions are Boron (B). 

30 9- A method as in claim 5 wherein the second doping ions are Aluminum (A I). 

10. A method of fabricating a bipolar transistor having a reduced active collector thickness, the 
method comprising steps of: 

(a) forming a first collector region having a first total dopant concentration by implanting 
first doping ions of the first conductivity type having a first diffusion rate and a first ion concentration 

35 and implanting second doping ions of the first conductivity type having a second diffusion rate which is 
greater than the first diffusion rate and a second ion concentration into a substrate of a second 
conductivity type; 

(b) forming a second collector region by epitaxial growing on the substrate a layer of 
material of the first conductivity type having a second total dopant concentration which is less than the 

40 first total dopant concentration, such that the epitaxial growth has a thermal cycle which causes the 

implanted first and second doping ions in the first collector region to diffuse upwardly into the epitaxial 
layer such that the second doping ions diffuse further up into the epitaxial layer than the first doping ions; 

(c) forming a base region by implanting ions of a second conductivity type to a first depth 
into the epitaxial layer; and 
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30 



H rh k- u (d> . f0nnin8 " emitter re8i ° n by im P lantin 8 ™* of a first conductivity type to a second 
depth which is Jess than the first depth into the base region. 

the sub'sLe A mCth ° d 35 " ^ 10 filrthCr C ° mPriSin8 befc " StCP (a) ' 3 S,CP ° f °* idi ™e « hc surfa " of 

coJlector 2 reg. A n meth0d " " C ' aim " C ° mpriSin8 after ste P < a >> a ste P of ^^ling the first 

r nn * ~ A meth ° d * ^ C,aim 10 WhCrein fim condu « ivi «>' ^ « N-type and the second 
conductivity type is P-type. 

14 A method as in claim 10 wherein the firs, conductivity type is P-type and the second 
conductivity type is N-type. 

A method as in claim 13 wherein the first doping ions are either Antimony (Sb) or Arsenic 



(As). 



16. A method as in claim 13 wherein the second doping ions are Phosphorus (P) 

17. A method as in claim 14 wherein the first doping ions are Boron (B) 

' 18. A method as in claim 14 wherein the second doping ions are Aluminum (Al) 

a base L A b,P ° lar tranSiSt ° r - haVi " e 3 **" CO " CCt0r » *° «gion directly beneath 

a base and an emitter, comprising: 

(a) a buried collector region of a first conductivity type having a first dopant 
concentration; K 

20 which „ ^ 3 Si fr UP ^ ° f f,rSt COnductivi * «W» "aving a second dopant concentration 

which protrudes upward from the buried collector only in the region which is below the emitter 
(c) an act,ve collector region of the first conductivity type having a third dopan, 
concentration above the buried collector and sinker-up regions; 



25 (e) 



(d) a base region of a second conductivity type above the active collector region; and 
an emitter region of the first conductivity type above the base region. 



20. A bipolar transistor as in claim 1 9 wherein the first conductivity type is N-type and the 
second conductivity type is P-type. 

21. A bipolar transistor as in claim 19 wherein the first conductivity type is P-type and the 
second conductivity type is N-type. yp 

(As) iot A biPO,af ,ran5iSt0r 25 daim 20 Wherein *■ flTSt d0pam " eithCT < Sb > « Arsenic 

23. A bipolar transistor as in claim 20 wherein the second dopant is Phosphorus (P) ions. 

24. A bipolar transistor as in claim 21 wherein the first dopant is Boron (B) ions 

25. A bipolar transistor as in claim 2 1 wherein the second dopant is Aluminum (Al) ions 
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